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SUMMER squash seed yield and quality can be improved by the application of boron (B)
and fruit set-order, which might affect fertilization and pollination. Two field experiments
were performed during the summer seasons of 2021 and 2022 to investigate the effects of foliar
application of boron at levels of 0, 25, and 50 ppm for two times (after 45 and 60 days from
the planting date) and different fruit-set orders on seed yield, yield components and quality in
summer squash of two genotypes, Shmamy and Cope. The twelve treatments were arranged in a
randomized complete block design (RCBD) with a split plot arrangement with three replicates.
The results of the current study revealed that foliar application of B at 50 ppm improved seed
yield components, such as fruit weight, seed weight per fruit and the number of seeds per fruit,
leading to a significant increase in total seed yield in the two studied genotypes of summer
squash. Also, the B application at 50 ppm increased the seed quality parameters, oil content,
crude protein content and total antioxidant activity in both genotypes during the two seasons.
In addition, this research revealed that fruit-set order had a significant effect on total seed yield,
seed yield components and seed quality. Whereas, the fruits in 2" and 3™ order have achieved
the highest means of all seed yield components, total seed yield and seed quality parameters in
both studied genotypes and during both seasons, compared to the fruits in 1* and 4" order. In
light of current results, it would be recommended that applying B at 50 ppm as a foliar spray
treatment and keep the fruits in second or third order to improve the total seed yield and seed
quality of summer squash plants.

Keywords: Cucurbita pepo L., Boric acid, Fruit position, Seed weight/fruit, Seed number/fruit,
crude protein, Oil content, Antioxidant.

Introduction

Squash (Cucurbita pepo L.) is one of the most
popular vegetable crops in the world. Normally,
the edible part is the fruit. However, consumption
of squash seeds has recently received considerable
attention in the human diet because of its high
nutritional and health-protective value. Squash
seeds contain several bioactive functional
constituents of lipids, proteins, fibers, thiamin,
niacin and micronutrients (Rubatzky and
Yamaguchi, 1999, Rezig et al., 2012 and Gomes et
al., 2022). It is also an extraordinarily rich source
for oil, which is being used as an active ingredient

in cosmetics, foods and nutraceuticals (Yadav
et al.,, 2010). Recently, several epidemiological
studies have highlighted the health benefits
of squash oil against several chronic diseases,
including hypertension, diabetes, low density
cholesterol and several types of cancer and it
also shows antibacterial and anti-inflammatory
properties (Stevenson et al., 2007, Rabrenovic
et al.,, 2014, Gutierrez, 2016 and Majid et al.,
2020). These health benefits of squash oil seeds
are attributed to their high content of proteins,
polyunsaturated  fatty acids, antioxidative
phenolic compounds, carotenoids and minerals
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(Fu et al., 2006 and Rabrenovic et al., 2014). Due
to these interesting benefits, raw or roasted seeds
of'squash are currently utilized in a wide spectrum
of human diets, including cooking, baking and
ground meat formulations as flavor enhancers as
well as snack foods (El-Adawy & Taha, 2001 and
Nawirska-Olszanska et al., 2013).

Boron (B) is an essential, immobile
micronutrient needed for all stages of the plant
life cycle. It is involved in several biochemical
functions in plant cells, including cell
division, membrane functioning, carbohydrate
metabolism, protein synthesis, transportation of
sugars, hormone formation, cell elongation, and
development of tissue and cell wall as well as it
plays a role in flower formation, pollen viability
and fruit set (Marschner, 1995, Tariq and Mott,
2007, Shaaban, 2010). Furthermore, B possess
many crucial effects on reproductive processes
such as pollen grain germination, pollen tube
growth, abortion of ovaries, flowering and seed
development as well as fruit setting (Brown et
al., 2002, Tahir et al., 2009), which are among
the main elements attributed to yield reduction
(Tariq and Mott, 2007), and B requirement during
reproductive growth is significantly higher than
during vegetative growth in several crop plants
(Asad et al., 2003, Oyinlola, 2007). Therefore,
B deficiency, especially at the flowering stage,
can cause pollen viability loss as well as stamen
and pistil abortion, leading to significant declines
in seed set and yield (Chitralekha and Nirmala,
2000). Several previous reports observed an
increase in crop productivity in response to B
application. Practically, it was reported that B
application had increased the total yield of wheat,
rice and maize by 14, 14 and 20%, respectively,
compared to control plants (Ahmed et al., 2012).
Such increment in total yield of several crop
species in response to B application was strongly
related to enhancing the seed yield components
such as grain setting and grain yield, number
of grains per spike, number of spikelet per spike
and 1000-grain weight in wheat (Rawashdeh and
Sala, 2014) and increasing the number of formed
flowers, set pods per plant, green pod and dry seed
yields in broad bean plants (Abou EL-Yazied and
Mady, 2012) as well as decreasing the number of
the empty seeds in sunflower (Al-Amery et al.,
2011) in comparison with untreated plants.

Interestingly, B application has a significant
effect on the quality characters in various crop
species. For instance, B has significantly increased
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the seed quality of soybean and sunflower seeds
by increasing their amino acids, protein and
oil contents (Hemantaranjan & Trivedi, 2015,
Mekki, 2015). Also, Singh et al. (2007) reported
that the B foliar application positively reduced
the physiological disorders such as albinism,
fruit malformation, and disease like grey mould,
delayed fruit ripening onset and increased the
quality of strawberry fruits. Despite all of these
well documented positive effects of B on plant
growth, development and yield, harmful effects
can be induced by overdoses of B either through
foliar or soil application (Cervilla et al., 2012).
Abreu et al., (2005) reported the following scale:
0.0-0.2 ppm as low, 0.21-0.6 ppm medium, 0.61—
1.1 ppm high, 1.2-3.0 ppm very high, and >3.0
ppm as toxic soil boron concentrations. However,
the critical limits of boron vary significantly
among the different plants (Brdar-Jokanovié,
2020). Therefore, optimum levels of B are crucial
for high crop yield. To date, very few studies have
addressed the effectiveness of B on the seed yield
and seed chemical compositions of squash.

Using high quality, healthy and best genetic
background seeds is a prerequisite for producing
higher yields and better quality in most of the
horticultural crops. In cucurbits, seed production
and seed quality are greatly influenced by the
fruit number per plant, number of fruits per unit
area, fruit shape, fruit size, population density,
environmental conditions and cultural practices
as well (Nerson, 2007). However, there is another
factor that might strongly affect seed yield and
quality in cucurbits, which is fruit position or
fruit-set order. The effects of fruit-set order on
seed yield and seed yield components have been
investigated in some horticultural crops. Nerson
(2004 and 2008) reported that fruit-set order
position affected the seed yield components in
melon and cucumber. Moreover, the position of
the fruit on the mother plant can lead to significant
changes in tomato seed quality as well as
availability (Dias et al., 2006). In addition, Alan
and Eser (2007) reported that seeds obtained from
the lower level of the plant gave the highest values
of seed weight, germination and vigor and the
shortest time for seedling emergency in pepper.
Moreover, seeds obtained from basal fruits were
larger, germinated better and produced more
vigorous seedlings than those from middle and
apical fruits of okra plants (Yadav and Dhankhar,
2001). Shortly, seeds of earlier fruits from the
lower part of the plant were found to be superior
when compared with those from the middle and
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the top parts and it was suggested that the decline
in seed mass towards the top of the plant could
be attributed to a seasonal reduction in resource
availability.

As information concerning the effects of
foliar application of boron and fruit- set order on
seed production and quality of summer squash
is limited and incomplete, the present study was
undertaken. The major goal of the present study
was to investigate the effects of foliar application
of boron and different fruit-set orders as well
as their interaction on seed yield, seed yield
components and seed quality in summer squash.

Materials and Methods

Experimental site and Plant materials

Two field experiments were performed at
the Agricultural Research Farm of the Faculty
of Agriculture, Suez Canal University, Ismailia,
Egypt, during the two successive summer seasons
of 2021 and 2022. The plant materials used were
two squash genotypes namely, Shmamy and Cope.
These two genotypes are old Egyptian open-
pollinated cultivars of summer squash and were
collected from the farmers in Abu Elmatamir,
Beheira Governorate, Egypt, which is one of the
main areas in Egypt for production of summer
squash seeds, in summer season of 2020.

Boron and fruit-set order treatments

Boric acid (H,BO,, 17% B) was obtained from
El-Gombhoria company for chemicals and used as
a source for boron, which was applied at three
levels: 0, 25 and 50 ppm. All B treatments were
given twice (after 45 and 60 days from the planting
date) as foliar applications. Foliar spraying was
applied in the morning (9 a.m.) using a hand
sprayer. The control plants were sprayed with
distilled water. The volume of applied solution
was 4 liters per plot in each time. Regarding the
fruit-set order, squash plants were divided into
four groups as follows: 1) the 1* fruit developed
was kept on the plants, 2) 1% developed fruit was
removed and the 2™ fruit was kept, 3) 1 and 2™
fruits were removed and the 3™ fruit was kept and
4) 1%, 2" and 3™ fruits were removed and the 4"
fruit was kept.

Experimental design

The experiment had twelve treatments, three
B levels and four fruit-set orders. The twelve
treatments were applied and arranged in a
randomized complete block design (RCBD) with
a split plot arrangement with three replicates. The
B levels were considered the main plot and the

fruit-set orders were considered the sub-plots.
The experimental unit area (plot) was 20 m? (5
m in width x 4 m in length) and contained 5 drip
irrigated ridges and included 40 plants.

Cultural practices

Organic manure and calcium superphosphate
(15.5% P,O,) were added at rates of 20 m*/feddan
and 160 kg/feddan, respectively, after plowed
and harrowed of the experimental soil (85.21%
sand, 3.29% clay and 11.50% silt). Seeds of both
genotypes were soaked in water for 12 hrs before
sowing. Later, the wetted squash seeds were
directly sown in hills spaced 50 cm apart on the
5% and 8" of March in the summer seasons of
2021 and 2022, respectively. During the growing
season, 300 kg of ammonium nitrate (33.5%
of N) and 200 kg of potassium sulphate (48%
of K,0) were added per feddan at four doses.
The other normal agricultural practices such as
irrigation, fertilization, control of insects, fungi
and weed control were performed according to
recommendations of the Ministry of Agriculture
and Land Reclamation.

Data recorded

At the end of the season, fifteen ripening
squash fruits were randomly selected from each
experimental plot and hand harvested. Then the
fruit was weighed before manually extracted
of seeds, washed and air dried. Afterwards, the
following parameters were recorded:

Seed thickness (cm)
Total seed yield (kg) per fedden.
Crude protein (%): it was estimated from N
concentration (%) in dried seed samples by
using the following formula crude protein
(%) = N content (%) x conversion factor 6.25
(A.0.A.C, 1990).
9. Total antioxidant activity (%): it was measured
according to Lee et al., (2003).
10. Oil content (%): it was processed with Soxhlet
equipment, using petroleum ether with a
boiling range of 40 — 60°C as an extraction
solvent over a period of 12hrs. Later, the
residual solvent was evaporated in an oven
at 120°C for 15 min (A.O.A.C, 1990). The
obtained oil was gravimetrically determined
and crude oil content was calculated as a
percentage.

1. Fruit weight (g).

2. Seed number per fruit.

3. Seed weight per fruit (g).
4. Seed length (cm).

5. Seed width (cm).

6.

7.

8.
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Statistical analysis

All data were subjected to a two-way analysis of
variance (ANOVA) and the significant differences
among mean values of treatments were compared
using Duncn’s multiple range tests at 5% level
of significance as implemented in agricolaec R
package (de Mendiburu and de Mendiburu, 2017).
Also, a t-test was used to compare the total yield,
seed yield components and seed quality parameters
of two genotypes with the function t-test as
implemented in agricola R package.

Results

The main effect of genotype

Data presented in Table 1 shows that there
were significant differences between genotypes
of summer squash on all studied traits in both
seasons. Shmamy genotype had the highest
significant means of fruit weight, seed weight per
plant, number of seeds per fruit and total yield
per feddan, while Cope genotype had the highest
significant means of seed length, seed width, seed
thickness, crude oil content, crude protein content
and total antioxidant activity in both seasons of
the study.

The main effect of B application

Data presented in Tables 2 and 3 clearly
indicate that there were significant differences
among B treatments on all studied traits in both
genotypes as well as seasons. It clearly shows that
the B treatment at 50 ppm significantly improved
the fruit weight, seed weight per fruit, number of
seeds per fruit and total yield per feddan compared
to the other B treatments, 0 and 25 ppm in both
genotypes and seasons, however, it significantly

reduced the seed length, seed width and seed
thickness in both genotypes and seasons relative
to the control treatment. In addition, Tables 2 and
3, also show that the B treatments significantly
affected the biochemical compositions of summer
squash seeds. In both genotypes and seasons, the
B treatment of 50 ppm gave the highest significant
means of crude oil content, crude protein content,
and total antioxidant activity. However, no
significant difference was recorded between B
treatments of 50 and 25 ppm in terms of crude oil
content in both genotypes in the season of 2022
only as well as in crude protein content in the
Cope genotype in the season of 2021 only.

The main effect of fruit-set order

Data shown in Tables 2 and 3 also show
the main effect of fruit-set order on seed yield
and seed yield components of summer squash.
It clearly shows that there were significant
differences among the fruit-set order treatments
on all traits in both genotypes and seasons. The
2% fruit order, followed by the 3™ fruit order, had
achieved the maximum values of all measured
traits except for the number of seeds/fruit and
seed width in the season of 2021. Interestingly,
there was no significant difference between the 2™
and 3" fruit orders in most of the studied traits in
both genotypes and seasons. Moreover, the fruit-
set order significantly affected the seed quality
parameters in Shmamy and Cope genotypes in
both seasons. Tables 2 and 3 show that both 2™
and 3" fruit orders recorded the highest significant
values of crude oil content, crude protein content
and total antioxidant activity compared to the
I** and 4% fruit orders. However, no significant

TABLE 1. The effect of both squash genotypes on the seed yield, seed yield components and seed quality during

the seasons of 2021 and 2022.

Trait 2021 season 2022 season
Shmamy Cope Shmamy Cope
Fruit weight (kg) 1.79 a 147b 1.85a 1.46b
Seed weight/plant (g) 32.11a 28.46b 34.11a 30.03b
Number of seeds/fruit 166.50a 134.00b 131.42a 116.89b
Seed length (cm) 1.71b 2.10a 1.83b 1.93a
Seed width (cm) 1.12b 1.27a 1.07b 1.26a
Seed thickness (cm) 0.50b 0.59a 0.45b 0.60a
Total yield (kg/feddan) 361.00a 312.98b 375.28a 329.54b
Crude oil content (%) 40.36b 43.03a 40.56b 41.64a
Crude protein (%) 33.21b 34.84a 33.46b 34.76a
Antioxidant activity (%) 13.83b 14.59a 14.18b 15.67a

Means in each horizontal row in each season followed by different letters are significantly different at p= 0.05(t-test).
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TABLE 2. The effect of different B foliar application treatments and fruit-set orders as well as their interaction
effects on seed yield and seed yield components in the 2021 growing season.

Shmamy Cope
Trait F;I::it Boron treatments Boron treatments
' 0 25 50 Mean 0 25 50 Mean
1 132d 1.45d 1.54cd 1.44¢ 1.20¢ 1.19¢ 1.94a 1.44ab
2 1.97ab 2.19 2.16a 2.11a 1.06¢ 1.82a 1.92a 1.60a
(Fk’;)" weight 3 1.68bcd 2.00ab 2.19a 1.96a 1.31bc 1.90a 1.31be 1.51a
4 1.64bed 1.48d 1.90abe 1.67b 11lc 1.52b 1.34be 1.32b
Mean 1.65b 1.78b 1.95a 1.17b 1.60a 1.62a
1 23.43cd 34.75ab 30.63bc 29.60b 21.77d 26.53cd 29.57bed 25.95b
2 30.30bc 39.23a 38.97a 36.17a 24.57cd 31.63abe 37.53a 31.24a
Sle:ri ‘(gigh‘/ 3 30.63be 36.63ab 38.05a 35.10a 25.23¢cd 29.87bed 35.77ab 30.28a
4 22.10d 26.17cd 34.47ab 27.58b 2227d 25.77cd 31.05abe 26.36b
Mean 26.62b 34.20a 35.53a 23.64c 28.45b 33.48a
1 95.00d 155.33b 135.67b 135.33b 68.00d 74.67d 127.00b¢ 89.88b
Number of 2 130.67¢ 17633ab 195.00a 167.33a 86.00d 147.33ab 151.33ab 128.22a
seeds/fruit 3 154.00b 176.67ab 168.67b 166.44a 68.00d 162.67a 158.33a 129.67a
4 71.67¢ 114.33cd 164.67b 116.80¢ 68.00d 111.33¢ 145.33ab 108.22ab
Mean  112.83¢ 155.66b 171.00a 102.50¢ 124.00b 145.50a
1 1.60cfg 1.50¢fgh 1.40gh 1.5 2.27abe 1.97¢f 1.90f 2.04bc
2 227a 2.00abe 1.70def 1.99a 233ab 2.13bede 2.20abed 222
Seed length 3 2.13ab 1.93bed 1.53¢fgh 1.87a 237a 2.10cdef 2.00def 2.16ab
(em) 4 1.73¢cde 1300 1.43fgh 1.49b 2.13bede 1.90f 1.90f 1.98¢
Mean 1.93a 1.68b 1.52¢ 228a 2.03b 2.00b
1 1.03cde 1.00de 0.98de 1.01b 1.40b 1.20de 1.11ef 1.24¢
Seed 2 1.27a 1.27a 1.23ab 1.26a 1.53a 1.20de 1.26cd 1.33b
width 3 1.30a 1.23ab 1.13be 1.22a 1.53a 133bc 1.33bc 1.40a
(cm) 4 1.1led 0.98¢ 0.96¢ 1.01b 1.27¢d 1.07¢ 1.03f 1.12d
Mean 1.18a 1.12b 1.08b 1.43a 1.2 1.18b
1 0.54ab 0.45de 0.5abed 0.50a 0.63a 0.59ab 0.52bc 0.58ab
2 0.53ab 0.52abc 0.51abc 0.52a 0.64a 0.61ab 0.62a 0.62a
Seed thickness 3 0.54a 0.53ab 0.49bcd 0.52a 0.63a 0.61ab 0.55abc 0.60a
(em) 4 0.52abe 0.4lc 0.47cd 0.47b 0.63a 0.50¢ 0.49¢ 0.54b
Mean 0.53a 0.48b 0.49 0.63a 0.58b 0.55b
1 257.67¢ 347.67cde  32867cde  311.33b 264.90¢ 309.60abc 300.60abe 291.70b
2 317.67de 441.67ab 519.67a 42633 308.70abc 347.40a 328.50ab 329.00a
(Tlggl yield 3 319.67de 419.00bc 41433bc  38431ab  315.00abc 355.50a 316.50abe 328.20a
4 261.33¢ 36133bed  34333cde  322.00b 279.60bc 318.90abc 310.50abe 303.00a
Mean  289.08b 392.42a 401.50a 292.05b 314.02ab 332.85a
Oil content (%) 1 36.00cd 3633cd 39.00¢ 37.11b 38.33¢f 42.33cd 40.67de 40.44b
2 43.33ab 43.33ab 45.67a 44.11a 45.00bc 46.00ab 48.33a 46.44a
3 42.33b 43.67ab 43.67ab 43222 46.00ab 44.33bc 48.00a 46.11a
4 37.33cd 45.33d 38.33cd 37.00b 37.67F 39.33¢f 40.33def 39.11b
Mean 39.75b 39.67b 41.67a 41.75b 43.00b 44.33a
Crud protein 1 29.02f 30.52¢f 36.25ab 31.93b 30.58¢ 35.92abc 35.16abe 33.89b
%) 2 32.86cd 33.86bcd 36.64a 3445 36.02abe 34.5bcd 37.06ab 35.86a
3 33.95bcd 34.49abe 36.08ab 34.84a 34.88abe 36.45ab 37.15a 36.16a
4 29.93¢f 31.67de 33.32¢d 31.64b 34.68abe 32.16de 33.49cd 33.44b
Mean 31.44c 32.63b 35.57a 34.04b 34.76ab 35.72a
Antioxidant (%) 1 11.90cd 11.21d 15.54ab 12.88b 11.97¢ 13.98b 14.75b 13.56b
2 14.32abc 14.72ab 16.38a 15.14a 14.70b 15.05b 16.59 15.49a
3 13.91abe 13.80bc 16.39a 14.69 14.79 15.05b 16.72a 15.48a
4 11.33d 11.86cd 14.61ab 12.60b 12.54¢ 14.65b 14.33b 13.84b
Mean 12.86b 12.89 15.72a 13.50¢ 14.68b 15.60a

Mean values of boron and fruit number treatments in each row and column, respectively, followed by the same letters are not
significantly different at 5% level, according to Duncan's multiple range test
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TABLE 3. The effect of different B foliar application treatments and fruit- set orders as well as their interaction
effects on seed yield and seed yield components in the 2022 growing season.

Shmamy Cope
Trait F;;it Boron treatments Boron treatments
’ 0 25 50 Mean 0 25 50 Mean
i 1.25g 1.52¢f 16lc 1.46d 1.09% 1.14de 1.45¢ 1.23¢
2 2.04c 233a 229 222a 1.24d 1.89ab 1.92a 1.68a
Fr”izk‘z’%‘;igh‘ 3 1.78d 2.17b 2.27ab 2.07b 1.09 1.78b 1.97a 1.61b
4 141f 1.55¢ 1.97¢ 1.64c 1.07¢ 1.40¢ 1.40¢ 1.29¢
Mean 1.62¢ 1.89b 2.04a 1.12¢ 1.55b 1.69
1 24.43g 36.08cd 34.97d 31.83¢ 20.77g 28.20d 34.23b 27.73b
2 32.3¢f 42.23ab 4397a 39.50a 25.57¢ 33.97be 38.87a 32.80a
S";l‘iﬂ‘:e(igg)h‘/ 3 31.63¢f 37.63¢ 40.38b 36.55b 25.90¢ 32.20bc 38.10a 32.07a
4 21.43h 30.50f 33.80de 28.58d 23.03f 27.43de 32.05¢ 27.51b
Mean  27.45¢ 36.61b 38.28a 23.82¢ 30.45b 35.81a
1 113.67h  164.67de  168.33cd  148.89c 102.00f 112.00ef 157.67¢ 123.89¢
Number of 2 160.00¢ 20233a 204.33a 188.89a 119.67¢ 186.00a 186.67a 164.11a
seeds/fruits 3 143.33f 187.00b 188.00b 172.78b 103.33f 191.33a 190.33a 161.67a
4 94.33i 137.00g 174.00¢ 135.11d 103.00f 136.67d 174.00b 137.89b
Mean  127.83¢ 172.75b 183.67a 107¢ 156.5b 177.17a
1 1.67¢f 1.47fg 1.40g 1.51b 1.97bed 1.70¢ 1.80cde 1.82b
2 2.43a 1.97cd 1.93cde 2.11a 223 2.00bc 2.00bc 2.08a
Seed length 3 2.27ab 2.03bc 1.90cde 2.07a 2.17ab 1.97bed 1.90cde 201a
(em) 4 1.73def 1.70def 1.50fg 1.64b 1.93cd 1.77de 1.70¢ 1.80b
Mean 2.03a 1.79 1.68b 2.08a 1.86b 1.85b
1 1.00cde 0.97de 0.96de 0.98b 1.21def 1.10ef 1.17def 1.16b
Seed 2 1.27a 1.20ab 1.10bcd 1.19 1.43ab 1.40abc 1.27bcde 137a
width 3 1.27a 1.13abc 1.10bed 1.17a 1.49a 1.33abcd 1.23cdef 1.35a
(cm) 4 0.96de 0.97de 0.92¢ 0.95b 1.27bcde 1.13¢f 1.06f 1.15b
Mean 1.12a 1.07ab 1.02b 135a 1.24b 1.18b
1 0.45b 0.44bc 0.4cd 0.43b 0.67a 0.54de 0.52¢ 0.57b
2 0.52a 0.51a 0.44bc 0.49a 0.70a 0.65ab 0.59¢d 0.65a
Seed thickness 5 0.52a 0.51a 0.4cd 0.48a 0.70a 0.6bc 0.60bc 0.63a
(em) 4 0.44bc 0.43bc 037d 0.41b 0.67a 0.52¢ 0.50¢ 0.56b
Mean 0.48a 0.47a 0.40b 0.68a 0.58b 0.55¢
1 271.00f  36433cd  343.00cde  326.11c 269.23f 333.93bc 349.60ab 317.59
2 327.67¢ 454.00b 529.00a 43689  312.43de 361.83a 358.40a 344.22a
T"‘(all(;;eld 3 335.67de  439.33b 437.67b 404.22b 324.6¢d 333.17bed 362.17a 339.98a
4 271.33f 37133¢  359.00cde  333.89%¢ 294.43¢ 317.17¢d 337.5bc 316.37b
Mean  301.42b 407.25a 417.17a 300.18¢ 336.53b 351.92a
Oil content (%) 1 34.67f 38.00de 39.67cd 37.44b 37.33b 38.00b 4233 39.20b
2 41.33bc 46.00a 44.67a 44.00a 44.00a 45.00a 45.33a 44.78a
3 42.33b 45.00a 44.33a 43.89 45.00a 44.67a 44.00a 44.56a
4 34.67f 36.67¢ 39.33d 36.89b 36.67b 38.00b 39.33b 38.00b
Mean  38.25b 41.42a 42.00a 40.75b 41.42ab 42753
Crud protein 1 28.02d 34.58bc 33.85¢ 32.15b 30.25¢ 34.26¢ 36.16b 33.56b
(%) 2 33.86¢ 35.31abe 36.86ab 35.34a 33.88¢ 35.79b 38.49 36.05a
3 34.95bc 33.42¢ 37.49a 35.28a 3435 35.50b 38.06a 35.97a
4 29.26d 29.65d 34.34c 31.08b 32.01d 32.83d 35.49b 33.44b
Mean  31.52c 33.24b 35.63a 32.62¢ 34.59b 37.05a
Antioxidant (%) 1 12.49 14.04d 17.34abc 14.62b 12.63d 12.98cd 14.42b 13.34b
2 16.52bc 16.12bc 18.51a 17.05a 14.04bc 14.72b 16.72a 15.16a
3 15.93¢ 16.37bc 17.52ab 16.61a 13.79bc 14.05bc 16.26a 14.70a
4 13.99d 13.13de 16.07be 14.40b 12.54d 13.99bc 13.99bc 13.51b
Mean  14.73b 14.92b 17.36a 13.25¢ 13.93b 15.35a

Mean values of boron and fruit number treatments in each row and column, respectively, followed by the same letters are
not significantly different at 5% level, according to Duncan’s multiple range test.
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difference was observed between the 2™ and 3™
fruit orders in terms of seed quality parameters in
both genotypes and seasons.

The interaction effect of B application and fruit-
set order

Data presented in Tables 2 and 3 show the
interaction effects between B treatments and
fruit-set order on total seed yield and seed yield
components as well as seed quality parameters
of summer squash. It generally shows that the 2
and 3" fruit orders on B treated squash plants at 50
ppm had the highest mean values of fruit weight,
seed weight per fruit, number of seeds per fruit,
total seed yield per feddan (except for the Cope
genotype in the season of 2021), crude oil content,
crude protein content and total antioxidant activity
in both genotypes and seasons. However, the 2
and 3" fruit orders on B-untreated plants recorded
the highest mean values of seed length, seed width
and seed thickness.

Discussion

Seed quality is one of the most important
inputs for enhancing the productivity of vegetable
crops. As a result, the current study was designed
to investigate the effect of B element foliar
application and fruit-set order on total seed
yield, seed yield components and seed quality in
summer squash. The obtained data in this research
generally indicated that foliar application of B
significantly improved the seed yield, seed yield
components and seed quality in both genotypes
compared to untreated plants, as shown in Tables
2 and 3. In the Shmamy genotype, the application
treatments of B at 25 and 50 ppm significantly
increased the total seed yield per feddan by 35.75
and 38.89% in the first season of 2021 as well
as by 35.11 and 38.40% in the second season of
2022, respectively, compared to control plants.
In the same regard, a moderate increase in total
yield per feddan (13.97 and 7.52% in the first
season of 2021 as well as 17.24 and 12.10% in
the second season of 2022) was observed in the
Cope genotype by application of B at 25 and 50
ppm, respectively, compared to control plants.
In this respect, the exogenous application of B
increased the total seed yields of wheat, rice and
maize by 14, 14 and 20%, respectively, (Ahmed
etal., 2012). Also, the results of Mumivand et al.,
(2021) suggested that the foliar application of B
can be considered a suitable method to increase
the quantity and quality of the crop and seed
yields of S. khuzistanica. In fact, the increase
in seed yield of summer squash seeds by B

application in the current study may be due to the
increase in the seed yield component traits, e.g.
fruit weight, seed weight per fruit and number
of seeds per fruit (Table 2). In accordance with
this result, previous studies have reported that B
application increased the seed yield components
in broad bean (e.g., number of formed flowers, set
pods per plant, green pod and dry seed yields) and
wheat (e.g., grain set, number of grains per spike,
number of spikelets per spike and thousand-grain
weight), leading to a significant improvement in
total seed yield. This significant improvement
in total seed yield and seed yield components in
response to B application might be attributed to
the critical role of B in increasing the germination
of pollen grains, growth of pollen tube and seed
development as well as reducing ovaries abortion,
which are highly correlated to total yield (Brown
et al., 2002, Tariq and Mott, 2007, Tahir et al.,
2009).

In addition, the high seed yield of B treated
plants might be attributed to the stimulatory
effect of B on chlorophyll content (Thurzo et al.,
2010). In the current research, B-treated plants
had a higher chlorophyll content than un-treated
plants (data not shown). Therefore, the increase
in total seed yield here might be attributed to the
increased photosynthetic pigments, as a result, the
capacity and efficiency of photosynthesis process
increased which in turn improved crop yield and
quality. In harmony with this result, Ali et al.,
(2017) reported that the B application improved
the total leaf chlorophyll content.

Squash seed consumption is very common
and popular in several cultures as snacks or in
other products such as bakery products and is a
rich source for oil due to its higher nutritional
and health-protective values as antibacterial
and anti-inflammatory properties (Rabrenovic
et al,, 2014, Gutierrez., 2016). Consequently,
it will be interesting to increase these bioactive
functional compounds and oil content in the
seeds of summer squash. In the current study,
B application at 50 ppm significantly improved
the seed quality traits, crude oil content, crude
protein content and total antioxidant activity in
both genotypes and seasons (Tables 2 and 3).
In harmony with our results, Mumivand et al.
(2021) reported that foliar application of B had a
significant effect on the essential oil content and
yield of S. khuzistanica. Also, Hemantaranjan and
Trivedi, (2015) and Mekki, (2016) recorded an
increase in amino acids, protein and oil contents
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in seeds of soybean and sunflower in response
to B application. The promotive effect of B in
enhancing these compounds in seeds of summer
squash might be referred to the vital role of B in
several biochemical processes such as nitrogen
metabolism, carbohydrate metabolism, amino
acid and protein synthesis and sugar translocation
(Cakmak et al., 1995, Cakmak and Rdmheld,
1997), which are strongly related to the seed
biochemical compositions.

Surprisingly, the B application, particularly
at 50 ppm, led to a significant decrease in seed
length, width and thickness in both genotypes.
Nevertheless, this decline could be attributed
to the reduction in nutrient availability due
to the high number of set seeds in fruits as a
consequence of B application (Tables 2 and 3),
thus, the competition among seeds was probably
higher. Also, B application generally improved
the total seed yield, yield components and
quality parameters compared to untreated plants,
however, this improvement is dose-independent
and consequently not necessarily significant
(Tables 2 and 3). In the shade of these results,
it would be recommended to spray the summer
squash plants by B at 50 ppm in order to achieve
the maximum means of total seed yield, yield
components and seed quality.

Data obtained from the current study also
shows the existence of variation in total seed yield
and seed yield components among summer squash
seeds produced from different fruit-set orders in
both genotypes and seasons (Tables 2 and 3). In
the current study, the 2™ and 3™ fruit orders have
achieved the highest significant means, compared
to the 1% and 4" fruit orders, for most of seed
yield components in both genotypes and seasons,
leading to the highest significant improvement in
total seed yield. This finding partially contradicts
results from studies on melon and cucumber
(Nerson, 2004 and 2008), which found that the
fruit weight and seed yield per fruit decreased
with increasing fruit-set order. Also, Alan and
Eser (2007) reported that the fruit weight and seed
yield gradually decreased with fructification, from
the first to the third layer in pepper. Nevertheless,
the 4" fruit order in the current study achieved
lower means of seed yield components and total
seed yield than the 2™ and 3™ fruit orders, which
is in harmony with those previously mentioned.
Generally, seeds of middle fruits (2™ and 3) were
found to be superior to those from the lower fruit
(1%") and the top fruit (4") and it is suggested that
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the decline in seed yield towards the top of the
plant could be attributed to a seasonal reduction
in resource availability (Nerson, 2004 and 2008,
Alan and Easer, 2007), while the decline in
seed yield of earlier fruits might be attributed to
uncompleted vegetative growth or due to pollen
grain inactivity in the early stage of plant growth.

Fruit-set order also had a significant effect on
seed quality parameters, crude oil content, crude
protein content and total antioxidant activity in
both genotypes and seasons, whereas, the 2°¢ and
3 fruit orders obtained higher means than the 1*
and 4" fruit orders (Tables 2 and 3). In the same
context, Alan and Easer (2007) reported that the
seeds extracted from the fruits of the first layer had
a higher germination and vigour as well as a lower
mean germination time than those from the other
layers. Also, fruit-set order had a significant effect
on the percentage of seed germination (Nerson,
2004). Therefore, fruit-set order should be taken
into account by the hybrid seed production
companies to ensure a high germination and post
germination parameters, especially in vegetable
production, as most of the used seeds are hybrids
and expensive.

The present study clearly revealed that
B application at 50 ppm gave the highest
significant means of the total seed yield, seed
yield components and seed quality traits and
it also revealed that there was no significant
difference between the 2™ and 3* fruit orders in
terms of the aforementioned traits (Tables 2 and
3). Consequently, it is recommended to apply 50
ppm of B to summer squash plants and to keep the
2% or 31 fruit orders on the treated plants, as they
achieved not only the maximum values of total
seed yield but also seed yield parameters and seed
quality traits.

Conclusion

The results revealed that foliar application
with boron at 50 ppm significantly improved
yield component traits such as fruit weight,
number of seeds per fruit and seed weight per
plant as compared with the control treatment,
leading to a significant increase in the total seed
yield. In addition, keeping the 2" fruit order on
summer squash plants significantly improved the
total seed yield and its quality parameters, such
as crude oil content, crude protein content and
total antioxidant activity. As a result, spraying
summer squash plants with boron at 50 ppm and
keeping the second or third fruit order would be
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recommended to increase total seed yield and
seed quality.

Acknowledgement

We express our deep thanks to Prof. Dr.
Mohamed Wasfy for proofreading the earlier
version of this manuscript.

Funding statements

We express our appreciation to the Horticulture
Department, Faculty of Agriculture, Suez Canal
University for supplying the chemicals needed to
conduct this research work.

Conflicts of interest
The authors declare that they have no conflict
of interest.

References

Abou EL-Yazied, A. and Mady, A.Y. (2012) Effect
of boron and yeast extract foliar application on
growth, pod setting and both green pod and seed
yield of broad bean (Vicia faba L.). J. Amer. Sci., 8
(4), 517-534.

Abreu, C.A.D., van Raij, B., Abreu, M.F.D. and
Gonzalez, A.P. (2005) Routine soil testing
to monitor heavy metals and boron. Scientia
Agricola, 62, 564-571.

Ahmad, W., Zia, M.H., Malhi, S., Niaz, A. and Ullah,
S. (2012) Boron deficiency in soils and crops: A
review: In Crop Plant, Goyal, A., Ed., InTech:
Rijeka, Croatia, 2012, pp. 77-114. ISBN 978-953-
51-0527-5

Al-Amery, M.M., Hamza, J.H. and Fuller, M.P. (2011)
Effect of boron foliar application on reproductive
growth of sunflower (Helianthus annuus L.). Inter.
J. Agron., 230712, 1-5.

Alan, O. and Eser, B. (2007) Pepper seed yield and
quality in relation to fruit position on the mother
plant. Pak. J. Biol. Sci., 10 (23), 4251-4255.

Ali, M.S., Elhamahmy, M.A. and El-Shiekh, A.F.
(2017) Mango trees productivity and quality as
affected by boron and putrescine. Sci. Hortic., 216,
248-255.

AOAC, 1990. Official Methods of Analysis.
Association of Official Analytical Chemists,19"
edition. 2" revision. Gaithersburg, MD, USA.
Asad, A., Blamey, F.P.C. and Edwards, D.G. (2003)
Effects of boron foliar applications on vegetative
and reproductive growth of sunflower. Ann. Bot., 92
(4), 565-70.

Brdar-Jokanovi¢, M. (2020) Boron toxicity and
deficiency in agricultural plants. Inter. J. Mol.
Sci., 21 (4), 1424.

Brown, P.H., Bellaloui, N., Wimmer, M.A., Bassil,
E.S., Ruiz, J., Hu, H., Pfeffer, H., Dannel, F. and
Rombheld, V. (2002) Boron in plant biology. Plant
Biol., 4,205-223.

Cakmak, I. and Romheld, V. (1997) Boron deficiency-
induced impairments of cellular functions in
plants. Plant Soil, 193 (1-2), 71-83.

Cakmak, 1., Kurz, H. and Marschner, H. (1995). Short-term
effects of boron, germanium and high light intensity
on membrane permeability in boron deficient leaves of
sunflower. Physiol. Plant., 95 (1), 11-18.

Cervilla, L.M., Blasco, B., Rios, J.J., Rosales, M.A.,
Sanchez-Rodriguez, E., Rubio-Wilhelmi, M.M.,
Romero, L. and Ruiz, J.M. (2012) Parameters
symptomatic for boron toxicity in leaves of tomato
plants. J. Bot., 726206, 1-17.

Chitralekha, C. and Nirmala, N. (2000) Developmental
aberrations in seeds of boron deficient sunflower
and recovery. J. Plant Nut., 23 (6), 835-841.

de Mendiburu, F. and de Mendiburu, M.F. (2017)
Package ‘agricolae’. R Package, Version, 1-2.

Dias, D.C.E.S., Ribeiro, F.P., Dias, L.A.S., Silva, D.J.H.
and Vidigal, D.S. (2006) Tomato seed quality
in relation to fruit maturation and post-harvest
storage. Seed Sci. Technol., 34 (3), 691-699.

El-Adway, T.A and Taha, K.M. (2001) Characteristics
and composition of water melon, pumpkin, and
paprika seed oil and flour. J. Agri. Food Chem., 49,
1253-1259.

Fu, C.L., Shi, H. and Li, Q.H. (2006) A review
on pharmacological activities and utilization
technologies of pumpkin. Plant Foods Hum. Nutr.,
61, 73-80.

Gomes, R.S., Junior, R.M., de Almeida, C.F., de
Oliveira, R.L., Chagas,R.R., Pereira, E.D. and da
Silva, D.J.H. (2022) Identification of high seed
oil yield and high oleic acid content in Brazilian
germplasm of winter squash (Cucurbita moschata
D.). Saudi J. Bio. Sci., 29 (4), 2280-2290.

Gutierrez, R.M.P. (2016) Review of Cucurbita pepo
(pumpkin) its phytochemistry and pharmacology.
Med. Chem., 6, 12-21.

Egypt. J. Hort. Vol. 50, No. 1 (2023)



94 ELTOHAMY A. A. YOUSEF AND IBRAHIM N. NASEF

Hemantaranjan, A. and Trivedi, A.K. (2015) Influence
of boron and zinc on nitrate and nitrite reductase
activity in roots and leaves, and sulfur containing
amino acids, protein and oil content in seeds of
soybean [Glycine max (L.) Merr.]. Int. J. Sci. Res.
Sci. Technol., 2395-6011.

Lee, S.C., Kim, J.H., Jeong, S.M., Kim, D.R., Ha,
J.U. and Nam, K.C. (2003) Effect of far infrared
radiation on the antioxidant activity of rice hulls. J.
Agric. Food Chem., 51 (15), 4400-4403.

Majid, A.K., Ahmed, Z. and Khan, R. (2020) Effect
of pumpkin seed oil on cholesterol fractions and
systolic/diastolic blood pressure. Food Sci. and
Tech., 40, 769-7717.

Marschner, H. (1995) Functions of mineral nutrients:
macronutrients. In: H. Marschner (Ed.), Mineral
nutrition of higher plants. 2nd Ed., Acad. Press,
London, UK, 231-255.

Mekki, B.E D. (2015) Effect of boron foliar application
on yield and quality of some sunflower (Helianthus
annuus L.) cultivars. J. Agri. Sci. Technol., 5,
5-309.

Mumivand, H., Khanizadeh, P., Morshedloo, M.R.,
Sierka, E., Zuk-Gotaszewska, K., Horaczek, T.
andKalaji, H.M. (2021) Improvement of growth,
yield, seed production and phytochemical
properties of Satureja khuzistanica Jamzad by
foliar application of boron and zinc. Plants, 10
(11), 2469.

Nawirska-Olszanska, A., Kita, A., Biesiada, A. and
Skol-Letowska, A. (2013) Characteristics of
antioxidant activity and composition of pumpkin
seed oils in 12 cultivars. Food Chem., 139: 155—
161.Nerson, H. (2004) Fruit-set order affects seed
yield and germinability in melon (Cucumis melo
L.). J. Hortic. Sci. Biotechnol., 79 (6), 985-990.

Nerson, H. (2007) Seed production and germinability
of cucurbit crops. Seed Sci. Biotechnol., \ (1), 1-10.

Nerson, H. (2008) Does fruit number per plant, or fruit-
set order affect seed yield and quality in cucumber?
J. Hortic. Sci. Biotechnol., 83(2): 160-164.

Oyinlola, E.Y. (2007) Effect of boron fertilizer on yield
and oil content of three sunflower cultivars in the
Nigerian Savanna. J. Agron., 6 (3), 421-6.

Rabrenovic, B.B., Dimic, E.B., Novakovic, M.M.,
Tesevic, V.V. and Basic, Z.N. (2014) The most
important bioactive components of cold pressed oil
from different pumpkin (Cucurbita pepo L.) seeds.
LWT-Food Sci. Technol., 55, 521-527.

Egypt. J. Hort. Vol. 50, No. 1 (2023)

Rawashdeh, M.H. and Sala, F. (2014) Foliar application
of boron on some yield components and grain yield
of wheat. Acad. Res. J. Agric. Sci. Res., 2 (7): 97-
101.

Rezig, L., Chouaibi, M., Msaada, K. and Hamdi,
S.  (2012) Chemical composition and profile
characterisation of pumpkin (Cucurbita maxima)
seed oil. Ind. Crop Prod., 37(1): 82-87.

Rubatzky, V. and Yamaguchi, M. (1999) World
Vegetables: Principles, Production, and Nutritive
Values, Chapman & Hall, New York, USA.Shaaban,
M.M. (2010) Role of boron in plant nutrition and
human health. Amer. J. Plant Phys., 5 (5), 224-240.

Singh, R., Sharma, R.R. and Tyagi, S.K. (2007) Pre-
harvest foliar application of calcium and boron
influences physiological disorders, fruit yield
and quality of strawberry (Fragaria x ananassa
Duch.). Sci. Hort., 112 (2), 215-220.

Stevenson, D.G., Eller, F.J., Wang, L., Jane, J.L., Wang,
T. and Inglett, G.E. (2007) Oil and tocopherol
content and composition of pumpkin seed oil in 12
cultivars. J. Agric. Food Chem., 55, 4005-4013.

Tahir, M., Tanveer, A., Shah, T.H., Fiaz, N. and Wasaya,
A. (2009) Yield response of wheat (Triticum
aestivum L.) to boron application at different
growth stages. Pak. J. Life Soc. Sci., 7 (1), 39-42.

Tarig, M. and Mott, C.J.B. (2007) The significance
of boron in plant nutrition and environment-A
review. J. Agron., 6 (1),1-10.

Thurzo, S., Szabo, Z., Nyeki, J., Silva, A.P., Nagy,
P.T. and Goncalves, B. (2010) Effect of boron and
calcium sprays on photosynthetic pigments, total
phenols and flavonoid content of sweet cherry
(Prunus avium 1.). Acta Hortic., 868, 457-461.

Yadav, M., Jain, S., Tomar, R., Prasad, G.B.K.S and
Yadav, H. (2010) Medicinal and biological potential
of pumpkin: An updated review. Nutr: Res. Rev., 23,
184-190.

Yadav, S.K. and Dhankhar, B.S. (2001) Seed production
and quality of okra (Abelmoschus esculentus (L.)
Moench] cv. ‘Varsha Uphar’ as affected by sowing
time and position of fruit on plant. Seed Res., 29,
47-51.



EFFECT OF BORON FOLIAR APPLICATION AND DIFFERENT FRUIT-SET ORDERS ... 95

A gSl) sk Ba g g Jguana o el qui i sl (AUl Gl il

Ciiali Ciuali ash ) 9 i g daal o algdl)
- b ey« () 38 Bl - Ay S - () o

Ly s bl o Jlall i 55 055l GV Gaob oo A sSI ) s B3 5a 5 J seane Gpa (S
d}a&h\;ﬁu\ju\aﬂ\‘;&Bﬂ\uﬂj}u})}ﬂ\wé‘)}n Sl ):ﬁijfmbﬂ‘, YeYYsYeY)
ui e Jianiall c_‘llid\ L;\M}i & PAPON IV VS I SN Lf sl 33sa g Jganall Gl Sa g Al
O)5 < e sl J seane Dl S Gua () ol 8 salall (e a0 38 5 0 salla (A5l G
Lsina saly) Gpan ) Aledl) 8 (ol Lao 65 a0l (3 )50l 230 IS g 3aal 5l 6 5ally )50l (555 5
3858 sl Gl ol Lt g€y oaladll B U (555 e S b 5l SISI  pemnall 3
e g dl&1 (305 3 s sima s sl B gn a8 5 Cipan ) ¢ ilall s 5 O
e bl a5l A of Liad Al )l @ selal Al 50 s s (s Rl yall o (g 51 pall 8 5auSY)
Cun Al g 32 g s sl Jpeana i S s ) s0ll JSU Jgeanal) e (5 sina il Led OIS il
sl dwaup@@amwg‘;si&;iﬁum\&#)ﬂ\gm&\}@m\sﬂ\ o
é}\}” Byl 40 Hlae Cpaw sall DS @j u,g)\)ﬂ\ ‘; sl Bass Glaiay Al ‘_Aﬁ\ sl :Jia
S5 o) e 350 Gl A s (e il 34 gum 8y bl Lo i ) A
83 ga g Jgana 3 ey g bl Je s a8l 8 280 o Al 5yl JalaiaYl e oslall Ao a0

Al A S0 5y

Egypt. J. Hort. Vol. 50, No. 1 (2023)



